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Abstract
We show that the local conformal group C is a natural symmetry group of
strong, electroweak and gravitational interactions. A model for these interac-
tions invariant under the local symmetry group G = SU(3)SU(2)
L
U(1)C
is postulated. It contains all Standard Model and gravitational elds, however
the Higgs mass term 
2

y
 is forbidden. Using the unitary gauge and the
conformal scale xing conditions we can eliminate all four real components of
the Higgs eld in this model. In spite of that the tree level masses of vector
mesons, leptons and quarks are automatically generated and they are given by
the same formulas as in the conventional Standard Model. The gravitational
sector of the model is also analyzed and it is shown that the model admits in
the classical limit the Einsteinian form of gravitational interactions. We pro-
pose several experimental tests which can discriminate between the Higgs-Free
and the Standard Models.
?
This paper is the rened version of the preprint ILAS/EP-1-1995 (hep-ph 9501370), which
takes into account the newest electroweak data and is now published in two parts: Part I:
Formulation of the model, Part II: Predictions for electroweak observables.
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1 Introduction
The conventional formulation of Standard Model (SM) is based on two main
assumptions:
1
0
Gauge symmetry SU(3)  SU(2)
L
 U(1)
2
0
The existence of Higgs eld and the associated mass generation of vector
mesons, leptons and quarks.
The electroweak gauge symmetry was conrmed by experiment by nding
the W

and Z
0
vector mesons with the predicted masses. However the Higgs
particle was not found directly or indirectly in spite of intensive search in
tens of experiments [1, 2]. Hence one might suspect that the physical Higgs
particle does not exist. There might be a very natural reason for that. In
fact the original complex Higgs doublet has four real elds. The three real
Higgs elds are eliminated using the SU(2)
L
gauge symmetry. If there would
be an additional local symmetry then the last surviving Higgs eld could be
also eliminated.
We show in this work that such a scenario may be indeed realized under the
condition that one joints to strong and electroweak interactions also the grav-
itational interactions. This extension of the class of SM interactions is very
natural; indeed the masses of particles are in fact the gravitational charges
which produce the gravitational eld g

. Hence, whenever we have the strong
and electroweak interactions of elementary particles, nuclea, atoms or other
objects we have also at the same time the gravitational interactions. It seems
natural therefore to consider a unied model for strong, electroweak and gravi-
tational interactions which would describe simultaneously all four fundamental
interactions. It is well known that gravitational interactions give a negligible
eect to most of strong or electroweak elementary particle processes. We show
however that they may play the crucial role in a determination of the set of the
physical elds and their masses in the unied model and that their presence
allows to eliminate all Higgs elds from the nal lagrangian.
In order to construct a unique form of the theory of strong and electroweak
interactions extended by the gravitational interactions we observe that the orig-
inal gauge symmetry SU(3) SU(2)
L
 U(1) of the fundamental interactions
may be naturally extended by the local conformal symmetry. The choice of the
unitary gauge condition for SU(2)
L
gauge group allows to eliminate the three
out of four real Higgs elds from the complex Higgs doublet. In turn the choice
of the scale xing condition connected with the local conformal symmetry al-
lows to eliminate the last Higgs eld. In that manner all four Higgs elds can
be gauged away completely! It is remarkable that in spite of the elimination
of all Higgs elds in our model the vector meson, lepton and quark masses are
generated and at the tree level they are given by the same analytical formulas
1
as in the conventional SM.
Thus it may be that the dynamical real Higgs eld and the associated Higgs
particles are in fact absent and it is therefore not surprising that they could
not be detected in various experiments [1, 2].
In Section 2 we discuss the properties of local conformal symmetry and
its representations in eld space of arbitrary spin. We present in Section 3
the form of the total lagrangian of our unied theory of electroweak, strong
and gravitational interactions determined by the gauge and the local conformal
invariance. The noteworthy feature of the obtained lagrangian is the lack of the
Higgs mass term 
2

y
. We show next that using the unitary gauge condition
and the conformal scale xing condition we can eliminate all dynamical Higgs
elds from the theory! We show in Section 4 that in spite of the lack of
dynamical Higgs elds the masses of vector mesons, leptons and quarks are
generated and at the tree level they are given by the same analytical expressions
in terms of coupling constants as in the conventional SM.We give in this section
the path integral formulation of our model and show a remarkable result that
conformal invariant functions of eld operators have the conformal invariant
vacuum expectation values.
We present in Section 5 the analysis of the gravitational sector in the unied
model. We show that our unied model { after determination of the unitary
gauge and scale xing { leads already on the classical level to the conventional
gravitational theory with the Einstein lagrangian implied by the conformal
Penrose term contained in the unied lagrangian.
We discuss in Section 6 the possibilities for experimental discrimination
between the conventional SM and our HFM. First we show that there are
planned some experiments { like the studies of Z-meson pair production in
gluon-gluon scattering [3] { for which SM and HFM give essentially dierent
predictions for the cross section considered as the function of 2Z-invariant mass
M
ZZ
. Next we call attention to even more fundamental fact that the analysis
of electroweak processes at various energy scales may lead to the internal con-
tradictions within the frame-work of SM which may have a natural explanation
in the frame-work of HFM. Namely we present in Section 6 the arguments that
the value of "Higgs mass" predicted from the analysis of dierent experimental
data is not process independent and that it increases if energy of the considered
process increases. We show the collection of experimental data which seems to
support our hypothesis. If this observation will be conrmed by future detailed
experimental and theoretical analysis this will support our conjecture that the
Higgs particle does not exist but the parameterm
H
plays the role of UV cuto.
Finally we discuss in Section 7 several basic problems connected with a
description of fundamental interactions which are given by our nonrenormaliz-
able Higgs-free model. We enumerate also some open problems which should
2
be investigated in the framework of HFM.
The present work is the extension of our three previous papers [4],[5],[6]
and contains the answer to several questions raised by theirs readers. The
predictions of the HFM for almost all electroweak observables are given in
Part II of our work [7]. The predictions of our model for the planned LHC
experiments and their comparison with the Standard Model predictions will
be presented in Part III of our work [8].
2 Local conformal symmetry
Let M
3;1
be the pseudo{Riemannian space time with the metric g

with the
signature (+; ; ; ). Let 
(x) be a strictly positive function on M
3;1
which
has the inverse 

 1
(x). Then the local conformal transformation in M
3;1
is
dened as the transformation which changes the metric by the formula
g

(x)! ~g

(x) = 

2
(x)g

(x): (2:1)
The set of all local conformal transformations forms the multiplicative
abelian innite{dimensional group C with the obvious group multiplication
law.
It should be stressed that a conformal transformation is not a dieomor-
phism of the space time. The physical meaning of the conformal transforma-
tions follows from the transformation law of the length element
dl(x) =
p
 g
ij
dx
i
dx
j
! d
~
l(x) = 
(x)dl(x): (2:2)
Hence a local conformal transformation changes locally the length scale. Since
the physical phenomena should be independent of the unit chosen locally for
the length, time, mass etc. the group C of local conformal transformations
should be a symmetry group of physical laws.
We shall give now a construction of the representation of the conformal
group C in the eld space. Let 	 be a tensor or spinor eld of arbitrary spin.
Dene the map

! U(
)
by the formula
~
	(x) = U(
)	(x) = 

s
(x)	(x); s 2 R (2:3)
The number s is the conformal weight of 	 determined by the condition of
conformal invariance of eld equation. It is evident that the map 
 ! U(
)
denes the representation of C in the eld space.
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Using the above denitions one can show that the Maxwell F

and the
Yang{Mills F

a
eld strengths on (M
3;1
; g) have the conformal weight s = 0
whereas the massless Dirac eld has the conformal weight s =  
3
2
[9]-[11]. It
is noteworthy that the scalar massless eld  satisfying the Laplace{Beltrami
equation
4 = 0
is not conformal invariant. In fact it was discovered by Penrose that one has
to add to the Lagrangian on (M
3;1
; g) the term
 
1
6
R
y

where R is the Ricci scalar, in order that the corresponding eld equation is
conformal invariant with the conformal weight s =  1 [12].
3 A unied model for strong, electroweak and
gravitational interactions
We postulate that the searched unied theory of strong, electroweak and grav-
itational interactions will be determined by the condition of invariance with
respect to the group G
G = SU(3) SU(2)
L
 U(1) C (3:1)
where C is the local conformal group dened by (2.1). Let 	 be the collection
of vector meson, fermion and scalar elds which appear in the conventional
minimal SM for electroweak and strong interactions. Then the minimal natural
conformal and SU(3)SU(2)
L
U(1) {gauge invariant total lagrangian L(	)
may be postulated in the form:
L = [L
G
+ L
F
+ L
Y
+ L

+ L
grav
]
p
 g (3:2)
Here L
G
is the total lagrangian for the gauge elds A
a

, W
b

and B

, a =
1; :::; 8, b = 1; 2; 3 associated with SU(3) SU(2)
L
 U(1) gauge group
L
G
=  
1
4
F
a

F
a

 
1
4
W
b

W
b

 
1
4
B

B

; (3:3)
and F
a

, W
b

and B

are the conventional eld strengths of gauge elds in
which the ordinary derivatives are replaced by the covariant derivatives e.g.
B

= r

B

 r

B

; (3:4)
4
etc.; L
F
is the lagrangian for fermion eld interacting with the gauge elds;
L
Y
represents the Yukawa interactions of fermion and scalar elds; L

is the
G-invariant lagrangian for the scalar elds, which may be written in the form:
L

= (D)
y
(D)   (
y
)
2
+ @

jj@

jj  
1
6
(1 + )R
y
; (3:5)
where D denotes the SU(2)
L
U(1) covariant derivative which is covariant also
with respect to the dynamical curved space and  is an arbitrary real number,
in general. Notice that the condition of conformal invariance does not admit the
Higgs mass term 
2

y
 which assures the mechanismof spontaneous symmetry
breaking and mass generation in the conventional formulation. Instead we have
two additional terms: the Penrose term
 
1
6
(1 + )R
y
 (3:6)
which assures that the lagrangian (3.5) is conformal invariant, and the term
@

jj@

jj (3:7)
which together with the term 
1
6
R
y
 is conformal and gauge invariant. It
may be surprising that (3.7) depends on jj. Observe however that the con-
ventional rst term in L

can be written in the form
(D)
y
(D) = @

jj@

jj+ jj
2
L

(g();W;B) (3:8)
where g() is SU(2)
L
gauge unitary matrix dened by the formula
 =


u

d

= g()

0
jj

; g() =
1
jj



d

u
 


u

d

(3:9)
and L

(g();W;B) is a gauged{sigma{model{like lagrangian.
We see therefore that the term like (3.7) is already present in the conven-
tional gauge invariant lagrangian.
The last term in (3.2) is the Weyl term
L
grav
=  C
2
;   0; (3:10)
where C


is the Weyl tensor which is conformally invariant. Using the Gauss{
Bonnet identity we can write C
2
in the form
C
2
= 2(R

R

 
1
3
R
2
): (3:11)
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We see that the condition of conformal invariance does not admit in (3.2)
the conventional gravitational Einstein lagrangian
L = 
 2
R
p
 g; 
2
= 16G: (3:12)
We show however in Section 5 that the Einstein lagrangian is reproduced
from (3.6) when the scale xing condition is chosen properly. Note that the
quantum gravity sector contained in (3.2) is perturbatively renormalizable [13]
whereas the quantum gravity dened by the Einstein lagrangian (3.12) coupled
with matter is nonrenormalizable [14]. Hence, for a time being it is an open
question which form of gravitational interaction is more proper on the quantum
level. The discussion of the role of quantum eects which may reproduce the
lagrangian (3.12) and give the classical Einstein theory as the eective induced
gravity was presented in our previous work [5].
Notice that conformal symmetry implies that all coupling constants in the
present model are dimensionless.
The theory given by (3.2) is our conformally invariant proposition alter-
native to the standard Higgs{like theory with SSB. Its new, most important
feature is the local conformal invariance. It means that simultaneous rescal-
ing of all elds (including the eld of metric tensor) with a common, arbitrary,
space{time dependent factor 
(x) taken with a proper power for each eld (the
conformal weight) will leave the Lagrangian (3.2) unaected. The symmetry
has a clear and obvious physical meaning [15], [10]. It changes in every point of
the space{time all dimensional quantities (lengths, masses, energy levels, etc)
leaving theirs ratios unchanged. It reexes the deep truth of the nature that
nothing except the numbers has an independent physical meaning.
The freedom of choice of the length scale is nothing but the scale xing
freedom connected with the conformal symmetry group. In the conventional
approach we dene the length scale in such a way that elementary particle
masses are the same for all times and in all places. This will be the case when
we rescale all elds with the x{dependent conformal factor 
(x) in such a
manner that the length of the rescaled scalar eld doublet is xed i.e.
~

y
~
 =
v
2
2
= const: (3:13)
Let us note that if we would introduce instead of C-symmetry the additional
local symmetry in the form of a unitary or rotation gauge group then its unitary
representation in the eld space could change only phase but not the modulus
of the Higgs doublet. We see therefore that the local conformal group which
changes the modulus of Higgs eld  is ideally suited for the elimination of all
Higgs elds from the theory of electroweak and strong interactions.
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Obviously we can choose other than (3.13) scale xing condition, e.g. we
can use the freedom of conformal factor to set
p
 ~g = 1; (3:14)
this will lead to other local scales but as we show below it will leave physical
predictions unchanged.
It follows from Fadeev-Popov method that the expectation values of gauge
invariant function of eld operators are gauge invariant i.e. they are indepen-
dent from a chosen gauge xing condition. We shall derive now the analogous
result for the local conformal group and show that the expectation values of
conformal invariant operators are independent on the choice of scale xing
condition.
In order to show this we shall use the functional integral formalism. Let
L[	] be the scale invariant lagrangian (3.2). Let C(	) be the function of eld
operators which is local conformal invariant i.e.
C(
~
	) = C(	)
where
~
	 = 

s
	
	 is the conformal transform of scalar, vector or fermion eld
respectively given by (2.3) and determined by their conformal degree s
	
. Then
according to the so called Matthews theorem the path integral representation
for vacuum expectation values of C(	) has the form [16]:
< C(	) >
0
= Z
 1
Z
C(	)e
iS
T
(	)

f
(	)[f(	)]D	 (3:15)
where Z is the partition function
Z =
Z
e
iS
T
(	)

f
(	)[f(	)]D	 (3:16)
S
T
= S + S
FP
where S
FP
is the Fadeev-Popov contribution to the action
integral due to the gauge xing conditions and f(	) is the scale xing condition.
D	 is the functional measure over all dynamical elds in 	 and in our case
has the form
D	 = DDAD Dg (3:17)
We chose the gauge xing condition in such a manner that S
FP
is conformal
invariant. It follows from Fadeev-Popov formalism [17] that

f
(	)
Z
[f(	


)]D
 = I (3:18)
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where D
 is the invariant measure on the conformal group and is given by the
formula
D
 =
Y
x
d
(x)

(x)
(3:19)
One readily veries that this measure is invariant under the group multiplica-
tion 
! 

0

 and the inversion 
! 

 1
.
It follows from the conformal invariance of D
 that 
f
(	) is conformal
invariant. Setting as in (3.13)
f(	


) = j


j  
v
p
2
and using the measure invariance we obtain

f
(	) =
v
p
2
We present now the important result:
Theorem 4.1
Let C(	) be the conformal invariant function of eld operators. Then the
vacuum expectation value < C(	) >
0
given by (3.15) is independent on the
scale xing condition.
(For the proof see Appendix.)
This result is a little bit surprising, especially if one takes into account how
dierent are the scale xing conditions (3.13) and (3.14). Theorem 4.1 implies
that we can calculate the vacuum expectation values of conformal invariant
function of eld operators using the most convenient scale xing condition.
Since the condition (3.13) together with the unitary gauge xing condition for
SU(2)
L
group eliminates all four Higgs elds from the action integral S
T
(	) we
shall use it exclusively in all following calculations. We note that the scattering
operator
^
S is dimensionless and therefore conformal invariant. Consequently
if we use the normalization of asymptotic states such that they are dimension-
less we can use the scale xing condition (3.13) for calculation of probability
amplitudes of all physical processes.
4 Generation of lepton, quark and vector bo-
son masses
We demonstrate now that using the conformal group scale xing condition
(3.13) we can generate the same lepton, quark and vector meson masses as in
the conventional SM without however use of any kind of Higgs mechanism and
SSB.
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In fact inserting the scale xing condition (3.13) into the Lagrangian (3.2)
we obtain
~
L = L
scaled
= [L
G
+ L
F
+ L
scaled
Y
+ L
scaled

+ L
grav
]
p
 g; (4:1)
in which the condition (3.13) was inserted into L

and L
Y
. We should use
the symbol
~
,
~
	 etc. for the rescaled elds in (4.1), however for the sake of
simplicity we shall omit "~" sign over elds in the following considerations.
The condition (3.13) together with the unitary gauge xing of SU(2)
L

U(1) gauge group, reduce by (3.9) the Higgs doublet to the form

scaled
=
1
p
2

0
v

; v > 0 (4:2)
and produce the tree level mass terms for leptons, quarks and vector bosons
associated with SU(2)
L
gauge group. For instance the {lepton Yukawa inter-
action L
l
Y
reads
L
l
Y
=  
X
i=e;;
G
i

l
i
R
(
y
l
i
L
) + h:c:
where
l
eL
=


e
e
L

etc:
It passes into
L
l
Y
scaled
=  
1
p
2
v(G
e
ee+G

+G

 ) (4:3)
giving the conventional, space{time independent lepton masses
m
e
=
1
p
2
G
e
v; m

=
1
p
2
G

v; m

=
1
p
2
G

v: (4:4)
Similarly one generates from {quark Yukawa interaction L
q
Y
the corre-
sponding quark masses. In turn from L

-lagrangian (3.5) using the scaled
scalar eld (4.2) one obtains
(D

)
y
D

 =
g
2
2
v
2
4
W
+

W
 
+
g
2
1
+ g
2
2
8
v
2
Z
2
where
Z

=   sin 
W
B

+ cos 
W
W
3

; cos 
W
=
g
2
p
g
2
1
+ g
2
2
:
Hence one obtains the following vector mesons masses
m
W
=
v
2
g
2
; m
Z
=
m
W
cos 
W
: (4:5)
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It is remarkable that the analytical form for tree level fermion and vector
meson masses in terms of coupling constants and the parameter v is the same
as in the conventional SM. We see therefore that the Higgs mechanism and
SSB is not indispensable for the fermion and vector mesons mass generation!
We note that the fermion{vector boson interactions in our model are the
same as in SM. Hence analogously as in the case of conventional formulation of
SM one can deduce the tree level relation between v and G
F
{ the four{fermion
coupling constant of {decay:
v
2
= (2G
F
)
 1
! v = 246GeV: (4:6)
Here we have used the standard decomposition g

p
 g = 

+
p
2h

(see
e.g. [18]) which reduces the tree level problem for the matter elds to the
ordinary at case task.
We see therefore that the resulting expressions for masses of physical par-
ticles are identical as in the conventional SM.
Let us stress that the scale xing condition like (3.13) does not break
SU(2)
L
 U(1) gauge symmetry. The symmetry is broken (or rather one of
gauge equivalent description is xed) when (3.13) is combined with unitary
gauge condition of electroweak group leading to (4.2). However, also after im-
posing of a gauge condition like (4.2) we have a remnant of both the conformal
and SU(3)  SU(2)
L
 U(1) initial gauge symmetries: this is reected in the
special, unique relations between couplings and masses in our model.
Let us note that taking dierent scale and gauge xing conditions the num-
ber of the dynamical elds in a given sector changes but the total number of
independent elds is the same. In fact if we would choose an another scale
xing condition as e.g. given by (3.14) and say the covariant gauge condi-
tion then we would have in the gravitational, SU(2)
L
-gauge and Higgs sector
nineteen independent degrees of freedom namely nine g

elds, six W
a
?
elds
and four Higgs elds. If instead we take the scale xing condition (3.13) and
then unitary gauge xing condition we have ten g

elds, nine W

l
and Z
l
,
l = 1; 2; 3 elds and zero Higgs elds i.e. again nineteen independent elds.
5 Gravity Sector
Let us impose the scale xing condition (3.13) on the lagrangian (3.2) and
collect all gravitational terms. The lagrangian reads:
L
scaled
= [L
scaled
matter
 
1
12
(1 + )v
2
R   2(R

R

 
1
3
R
2
) 

4
v
4
]
p
 g (5:1)
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where we have selected the part L
scaled
matter
(describing the matter interacting with
gravity) from the remaining purely gravitational terms.
The variation of (5.1) with respect to the metric g

leads to the following
classical equation of motion:
[ 
2
3
R
;;
+ 2R

;
;
 
2
3
g

R
;
;
 
4R

R

+
4
3
RR

+ g

(R

R

 
1
3
R
2
)]+
1
12
(1 + )v
2
(R

 
1
2
g

R) +

8
v
4
g

=
1
2
T

: (5:2)
In the empty case T

= 0 this equation is satised by all solutions of an
empty space Einstein equation with a properly chosen cosmological constant

c
:
R

 
1
2
g

R+ 
c
g

= 0: (5:3)
In fact (5.3) implies that
R

 g

) R

=
1
4
Rg

(5:4)
and then
R

= 
c
g

: (5:5)
Inserting (5.4) into (5.2) we nd that the part proportional to  vanishes.
The remnant can be collected leading to the relation
1
8
v
2
g

(
2
3
(1 + )
c
  v
2
) = 0 (5:6)
where the empty space condition T

= 0 were used for the right hand side of
(5.6).
Equation (5.6) implies

c
=
3
2(1 + )
v
2
: (5:7)
Equation (5.7) relates the undetermined so far coupling constant  with a
potentially observable cosmological constant 
c
.
Let us go back to the case with the matter. Observe that the term linear
in the curvature appears in (5.1) with the coecient  
1
12
(1 + )v
2
. If we want
to reproduce the correct gravitational sector already at the classical level we
have to admit for nonzero  coupling. Setting
11
 1
12
(1 + )v
2
= 
 2
(5:8)
we reproduce the Newtonian coupling in front of curvature R in (5.1). This
would mean that    10
38
! Notice however that taking the scale xing
condition (3.13) the term @

jj@

jj vanishes. Hence it looks like that the
only role of this term is to generate the proper value of Newton constant in the
Einstein tree level lagrangian resulting from the Penrose term. (For further
discussion see [5].)
Let us stress that since in our formalism we do not use the SSB mechanism
for mass generation the self-interaction term (
y
)
2
can be set to zero by
setting  = 0. In this case the obtained in our formalism cosmological constant
(5.7) is also zero in agreement with experiments and the conviction of Einstein
and many other authors [19]. Consequently the so called "worst ne-tuning
problem in the history of physics" [20]-[22] is solved in our model in a very
natural manner.
The cosmological constant 
c
given by (5.7) was obtained from the analysis
of gravitational interactions in the empty space-time. In reality the matter is
always present and modies the formula for 
c
. In this case the most natural
denition of the eective cosmological constant was given by Zel'dovich [23] and
by Adler [24] by means of the partition function determined by the lagrangian
(4.1). (See also the excellent analysis of this problem in [25].) However { up
to now { nobody was able to get any quantitative prediction for the value of

c
in this frame-work.
6 Proposals for a discrimination between Stan-
dard and Higgs-Free Models.
We shall analyze now the perspectives for an experimental discrimination be-
tween the conventional SM and the HFM. We see at present two possibilities:
I. Consider the processes for which the SM and HFM give drastically dif-
ferent predictions. For instance consider the Z-meson pair production process
in the gluon-gluon collision which will be investigated in LHC experiment [3].
In HFM this process in one-loop approximation is described by the quark box
diagrams
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It is noteworthy that in this case the HFM scattering amplitude and the
Z-meson pair production cross section can be calculated without any UV cuto.
This process considered in SM has the additional Higgs exchange Feynman
diagrams which give a resonance type contribution [26]
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Hence one obtains in SM the characteristic pick in the cross section consid-
ered as the function of 2Z invariant mass distribution [26], whereas in HFM one
obtains the pickless cross section monotonically decreasing with the invariant
mass of the produced Z-boson pair.
The same phenomena will occur e.g. in the case of Z-pair orW
+
W
 
produc-
tion in photon-photon high energy scattering [27] or in many other processes
considered as candidates for the direct search of the Higgs particle.
The position of the Higgs resonance pick is given by the unknown mass m
H
of the searched particle. Assuming that SM is valid we can have some esti-
mation for m
H
from the so called precision tests. At present the information
from precision tests concerning the Higgs boson mass is still not very conclu-
sive and essentially depends on the assumptions concerning the set of tted
experimental data [28]. We can expect, however that this will change soon
mostly due to the increasing accuracy of the top and W mass measurements
and the further analysis of LEP1 and SLAC data. The constructed LEP2 and
LHC accelerators will be probably able to test directly the region of the Higgs
mass predicted by the precision tests. The possible negative result of the direct
13
Higgs meson searches in the Higgs mass interval admissible by EW precision
tests would mean an evident contradiction in the framework of SM. The above
contradictions will not appear in HFM since there the Higgs particle is absent.
We see therefore that expected in a near future considerable increase of accu-
racy of EW precision tests and the new accelerator experiments may provide
a crucial tests for Standard and Higgs-Free Models.
II. Consider electroweak processes at various energy (or momentum trans-
fer) scales. We wish to show that the results coming from various energy scale
experiments may lead to the contradictions within the SM frame-work but they
can be naturally explained in the frame-work of HFM.
First we would like to elucidate the role which plays the Higgs mass m
H
in SM. It is convenient to use for this purpose the universal parameters "
1
,
"
2
, "
3
introduced by Altarelli et al. [29] by means of which the radiative
corrections to most of electroweak observables measured in LEP, CDF, D0
or SLC experiments can be expressed. If we calculate these parameters in our
model in one loop-approximation we nd the specic class of Feynman diagrams
with fermion and vector boson loops which contributes to them. Since some
vector boson loops will produce divergences, e.g. in the case of fermion {
massive vector boson coupling constant, one has to introduce either the new
renormalization constants or UV cuto  which can be given by the formula
[30]
log

2

2
=
2
4 D
  
E
+ log 4 +
5
6
(6:1)
where  is the reference mass of dimensional regularization,D is the space{time
dimension and 
E
is the Euler's constant.
One obtains the formula for "
i
parameters in SM if one adds to the class of
Feynman diagrams in our model all appropriate one{loop diagrams with Higgs
internal lines. Using the results of [30] and [31] one obtains
"
SM
1
  "
HFM
1
=
3(m
Z
2
)
16c
0
2
log (

2
m
H
2
) + "
1
rem
(X)
"
SM
2
  "
HFM
2
= "
2
rem
(X) (6:2)
"
SM
3
  "
HFM
3
=
(m
Z
2
)
48s
0
2
log (

2
m
H
2
) + "
3
rem
(X)
X =
m
2
Z
m
2
H
log
m
2
Z
m
2
H
where HFM index of "
i
means that the quantity was calculated in our Higgs-
Free Model. Here (m
Z
2
) =
1
128:87
and c
0
and s
0
are dened by the formula
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0
(1  s
2
0
) = s
2
0
c
2
0

(m
Z
2
)
p
2G
F
m
2
Z
:
The functions "
i
rem
(X)! 0 if m
H
!1.
The above formulas indicate a role which plays in SM the very large Higgs
mass: rst the numerical analysis shows that the term "
i
rem
(X) for m
H

300GeV can be disregarded and second if we take the UV cuto  ' m
H
then by (6.2) the prediction for "
i
{parameters in the conventional SM and
our nonrenormalizable model almost coincide. Thus the very large Higgs mass
preferred by the top mass m
t
= 180GeV plays in fact in the conventional SM
the role of UV cuto parameter. If the Higgs particle will be not found then
our model provides an extremely natural frame{work for the description of
electroweak and strong interactions at least up to TeV energies.
If our interpretation that the Higgs mass m
H
is in fact the UV cuto is
correct then the deduced from various experiments "Higgs mass" may vary
with energy scale E of the relevant processes. Consequently for instance the
value of m
H
deduced from parity violation experiment (PVE) [32] for which
p
 q
2
< 1MeV may be smaller than the value ofm
H
deduced from LEP, SLAC
or Fermilab experiments where m
Z
is the characteristic scale of electroweak
processes. We illustrate our hypothesis using the eective leptonic weak mixing
angle 
eff;l
W
.
Averaging over the experimental data [1, 2] we obtain
sin
2

eff;l
W
(LEP + SLAC + Fermilab+ UA2) = 0:2320  0:0004
sin
2

eff;l
W
(PVE+e+p + eD) = 0:225  0:005
The above numbers are not denitively inconsistent however their rather
weak consistency allows for consideration of both alternatives: the case where
the future, more precise measurements will conrm the consistency of these
numbers and the case where the future experiments will detect a divergence
between these quantities. The last alternative is interesting for our analysis.
If we consider the SM prediction for sin
2

eff;l
W
in one-loop approximation we
obtain that sin
2

eff;l
W
is a denite function of the Higgs mass m
H
. This relation
can be inverted leading to the relation m
H
(sin
2

eff;l
W
) which is plotted in Fig.
6.1.
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Fig. 6.1 The plot of m
H
as the function of sin
2

eff;l
W
for m
t
= 180GeV
(solid line) and m
t
= 180  12GeV (dashed lines).
We see that m
H
increases monotonically with sin
2

eff;l
W
. Hence the pos-
sible dierence in sin
2

eff;l
W
predictions would mean that the "Higgs mass" is
dierent for dierent energy scales.
If the Higgs mass in all formulas for radiative corrections represents the
pole mass of real particle then the valuem
H
obtained from various experiments
should be independent of energy scale E of a given experiment. This means
that SM predicts
m
H
(E) = const (6:3)
and consequently
sin
2

eff;l
W
= const: (6:4)
(The constrain (6.4) holds for most of extensions of SM also.) If our hypothesis
will turn out to be true it would mean that the SM predictions (6.3) and (6.4)
do not hold, and that the SM is inconsistent. In turn our hypothesis that m
H
varies with energy scale E of the process may be easily explained within the
HFM. Our model predicts that Higgs particle is absent and m
H
just plays a role
of UV cuto  which should increase if the energy scale increases. This feature
of our model is not surprising. We recall that in the well understood theories
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like QED the value of the UV cuto  depends on the energy scale of a given
experiment and for low energy phenomena  can be very small. The famous
example is provided by the Bethe treatment of the Lamb's shift for hydrogen
atom [33]; Bethe found that the natural relativistic invariant UV cuto (which
implies that the energy integrals for the Lamb's shift are nite) is provided
by the electron mass m
e
= 0:51MeV , which is still very large with respect to
energy scale given by the value < E
n
  E
m
>
av
. This example illustrates a
general principle that for each energy scale one has the energy dependent cuto
 appropriate to the considered energy.
It was generally assumed up to now in most of reviews and analyses of
electroweak experimental data ([34],[1],[2],[29]...) that there is no process and
energy dependence of Higgs mass, r, , "
1
, "
2
, "
3
, "
b
and other univer-
sal electroweak parameters. This approach partially followed from the deep
believe in Standard Model or its extensions and partially followed from the
limited accuracy of individual experiments which does not allow to study this
aspect of electroweak interactions. It seems that at least the last obstacle will
disappear in the near future. We propose to include to the list of precision tests
of electroweak theories the experimental study of energy independence (or de-
pendence) of universal electroweak parameters. We hope that the increasing
statistics of Tevatron and SLC data, the expected data from new LEP2 and
LHC facilities constructed at CERN and the progress { up to 1% accuracy
[35] { in low and medium energy experiments will provide us with sucient
information necessary to study this problem. If such analysis will conrm our
hypothesis on energy dependence of the "Higgs mass" then this would exclude
SM and most of its extensions and would give a strong evidence that m
H
is
not a mass of real physical particle but only an energy dependent cuto like in
our HFM.
A similar analysis can be carried out also for energy dependent electroweak
observables like asymmetries or cross sections ratios for which one can study
the deviations from the SM predicted energy dependence.
7 Discussion.
The elementary particle physics is at present at a crossroad. We have in fact
three drastically dierent alternatives:
I
o
The Higgs particle exists, its mass will be experimentally determined and
it will have the value predicted by the radiative corrections of SM. This will
conrm the SSB mechanism for mass generation, the validity of SM frame{
work and it will represent an extraordinary success of quantum gauge eld
theory.
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II
o
The Higgs particle exists but its mass is considerable dierent from that
predicted by the radiative corrections of SM. This would signal some kind of
"New Physics" which will imply a reformulation of the present version of SM.
III
o
The Higgs particle does not exists. This will lead to a rejection of SM
with Higgs sector and it will give preference to Higgs-free models for funda-
mental interactions. Presumably the obtained physical Higgs-free models will
be nonrenormalizable.
It may be that the renormalizability of Quantum Gravity determined by Ein-
stein action integral coupled with matter elds is not an "accident at work
in quantum eld theory" but it represents a universal feature that physical
fundamental interactions considered simultaneously are nonrenormalizable. In
this situation we are compulsed to use the nonrenormalizable models of quan-
tum eld theory for a description of fundamental interactions and we have to
learn how to deduce predictions for experiments from such models. There-
fore it seems necessary to develop perturbative and nonperturbative methods
for extracting predictions for scattering amplitudes and observables from non-
renormalizable massive vector meson models. The theoretical aspects of these
problems are discussed in [36] and [37]. The very interesting method of calcula-
tion of observables in nonrenormalizable massive vector mesonmodels using the
associated eective eld theory was developed recently by Herrero and Morales
[38] and by Bilenky and Santamaria [39]. One can also use the technique of
so called Generalized Equivalence Theorem which was recently extended to
nonrenormalizable massive vector meson models [40].
The proposed HFM allows to obtain the Einsteinian form of gravitational
interactions in the classical limit. It can be also analyzed by means of eective
action for induced gravity [25].
We present in Part II of our work the new method of getting predictions
from our nonrenormalizable model [7]. Using it we derived the denite predic-
tions for almost all electroweak observables measured in the recent experiments
at LEP1, Tevatron and SLC. The obtained predictions in HFM are in remark-
able agreement with experimental data. Consequently the existence of Higgs
eld and the associated Higgs particle seems not necessary for the explanation
of experimental data. Since our model contains less fundamental elds than
the conventional SM and is therefore conceptually much simpler we believe
that it can be considered as a serious candidate for a description of elementary
particle processes at the present stage of our understanding of the nature of
fundamental interactions.
We shall present in Part III of our work the prediction of HFM for Large
Hadron Collider experiments. We show there that predictions for various cross
sections coming from Higgs-Free and Standard Models are drastically dierent
so it will be easily to discriminate between these models.
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Appendix.
We prove here the Theorem 4.1. The measures in (3.17) have the form:
D =
Y
x
d(x)
DA =
Y
x;a;b;;;
dA
a

(x)dW
b

dB

(x) (A:1)
D =
Y
x;i
d

 
i
(x)d 
i
(x)
and according to [17]
Dg =
Y
x;
( g(x))
5=2
dg

(x) (A:2)
Let [g(	)] be an another scale xing condition. We show that the integral
Z
 1
Z
C(	)e
iS
T
(	)

g
(	)[g(	)]D	 (A:3)
coincides with (3.15).
Note rst that the measure Dg is conformal invariant but the full measure
D	 given by (3.17) is not conformal invariant. It is crucial however that D	
is multiplicatively conformal covariant. In fact from (2.3) it follows that
D	


= (
)D	 (A:4)
where 	


i
= 

s
	
i
	
i
is the conformal transform of 	
i
, (
) =
Q
x


N
	
(x) and
N
	
=
P
i
s
	
i
is the sum of conformal degrees of scalar, fermion and vector
elds.
Then from (3.15), (4,17) and (A.4) we have
< C(	) >
0
= Z
 1
Z
C(	)e
iS
T
(	)

f
(	)[f(	


)]D	D
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= Z
 1
Z
C(	)e
iS
T
(	)

f
(	)[f(	)]
g
(	)[g(	


0
)]D	
 1
(
)D
D

0
(A:5)
Setting 	


0
= 	
0
and using the multiplicative covariance of D	 measure
and the invariance of D
 measure we obtain
Z

 1
(
)
 1
(

0
)D
 =
Z

 1
(


0
)D
 = c (A:6)
The same constant appears in the partition function Z and these constants
cancel out in (A.5). Hence using the invariance of D
 under inversion 
! 

 1
and (3.19) we obtain
< C(	) >
0
= Z
 1
Z
C(	)e
iS
T
(	)

g
(	)[g(	)]D	: (A:7)
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